Ethylenediaminetetraacetic acid (H 4 EDTA) is widely used in the pharmaceutical and bromatological industries and as a drug in chelation therapies. Besides, coordinated with metal ions it is used for the supplementation of essential trace elements. In this work the synthesis, crystallographic, and spectroscopic studies (EPR, IR, UV/Vis) of [Zn(H 2 O) 4 CuEDTA] · 2H 2 O are reported. The release of the metal cations at gastric pH was also investigated.
Introduction
Ethylenediaminetetraacetic acid (H 4 EDTA) is a diaminotetracarboxylic acid often used in pharmaceutical and bromatological formulations, whose action has been correlated with its ability to chelate divalent metal cations, interacting with one or with various different cations [1] .
In the pharmaceutical industry it is used to complex and to inactivate trace metals that may catalyze oxidative degradation of drugs. Besides, it often acts as a potentiator of the antimicrobial effect of preservation agents (especially against gram-negative bacteria), disrupting the permeability of the outer membrane by removal of divalent cation bridging to the peptidoglycan cell wall [2, 3] .
In the bromatological area there are different sources of metal contamination including raw material impurities like solvents, containers, and equipment employed in the manufacturing processes that can affect the color, rancidity and texture of food. For these reasons it is usual to use EDTA 4− (usually as its tetrasodium salt) to prevent changes in food like discol-0932-0776 / 08 / 1200-1361 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com oration of potatoes, fishes and mollusca, and to stabilize vitamins [3] .
By these two ways EDTA 4− can enter the body through foods or pharmaceuticals and it can interact with some of the essential metal cations.
In addition, EDTA 4− is used as a drug in chelation therapies, with the aim to remove toxic metals or essential metals in excess [3 -5] . Moreover, metal complexes of EDTA 4− are used for the supplementation of essential trace elements. For instance, Na 2 CuEDTA and CaCuEDTA injections are used in veterinary pharmacology for the supplementation of Cu or Cu/Ca in cows and sheep that shepherd in regions with low copper levels [6, 7] , whereas NaFeEDTA has been recommended as an iron fortificant agent [8] .
Taking into account these antecedents, the study of these systems is considered as relevant from both, the bioinorganic and the pharmacological points of view. The synthesis and structural characterization of almost all the simple EDTA 4− complexes with the essential first row transition metals has been reported. On the contrary, the study of EDTA 4− complexes containing different coordinated metal cations has not been so plentiful yet. As an example, structural information about EDTA 4 O [12] was reported. For the Cu(II)/Zn(II)-EDTA complex, unit cell dimensions and space group were initially determined by X-ray powder diffractometry [13] , and the structure of [Zn(H 2 O) 4 CuEDTA] · 2H 2 O was determined by Leont'eva et al. some years later by single crystal methods [14] .
As a part of our current work on metal complexes with recognized pharmacological activity [6, 7, 15 -17] we are preparing EDTA 4− complexes containing simultaneously two different cations [7] with the aim to study their suitability for the supplementation of essential metals.
In this work the crystal structure of [Zn(H 2 O) 4 CuEDTA] · 2H 2 O was re-examined and refined to higher precision than in the previous study [14] . Besides, the spectroscopic behavior (EPR, IR and UV/Vis) as well as the release of Zn(II) and Cu(II) ions at gastric pH were investigated and compared with the results for the simple [CuH 2 EDTA] · H 2 O complex.
Results and Discussion

Crystal structure
The crystal structure of [Zn(H 2 O) 4 CuEDTA] · 2H 2 O was redetermined with a higher precision than that previously reported. In this work the final R1 value is 0.040 while that found in reference [11] was 0.073. An ORTEP [18] drawing of the structure is presented in 
Two hydrate water molecules complete the structure and form hydrogen bonds with the water molecules coordinated to the Zn(II) cation.
The crystal thus features polymeric zig-zag chains along the crystallographic a axis and is stabilized by intra-and intermolecular hydrogen bonds, as depicted in Fig. 2 . Details on the hydrogen bonding parameters are shown in Table 2 .
Spectroscopic measurements
The electronic spectrum of [Zn(H 2 2 O presents only one asymmetric and broad line. The simulation of the spectrum [22] gave the following g values: g 1 = 2.1250, g 2 = 2.1580 and g 3 = 2.1670, where the anisotropy is largely averaged by exchange interactions promoted by hydrogen bonds between neighboring molecules as shown by the crystallographic packing (see Fig. 2 ). Table 3 contains the atomic absorption data for the quantification of copper and zinc in the ion exchange experiments with [Zn(H 2 O) 4 CuEDTA] · 2H 2 O. Both Zn(II) and Cu(II) were retained by the sulfonic group of the strong resin A, either for 0.1 M HCl or water. This result shows that the complexes between Zn(II) and Cu(II) with the sulfonic groups of resin A have a stability constant higher than the Cu-EDTA constant under the experimental conditions. In the case of resin B, the Zn(II) was partially released by the complex and was retained in both water and 0.1 M HCl by the acetate group. On the opposite, copper possibly remains in chelated form as the [Cu(EDTA)] 2− complex, and is eluted.
Ion exchange experiments
In the case of [CuH 2 EDTA]·H 2 O, the copper concentration in the initial 0.1 M HCl solution was 142 µg mL −1 , while in the eluate with water it was almost 0 and after the regeneration with 1 M HCl all the copper was eluted.
To conclude, partial release of Zn(II) is observed at gastric pH and with both resins, whose functional groups might represent potential ligands in the gastric tract. On the contrary, copper is released under the experimental conditions only in the presence of a strong ligand that competes with EDTA 4− .
Conclusions
Besides a redetermination of the crystal structure of [Zn(H 2 O) 4 CuEDTA] · 2H 2 O, the spectroscopic behavior (EPR, IR and UV/Vis) was analyzed showing that the Zn(II) ion does not affect significantly the coordination environment of the Cu(II) ion in the solid state.
Taking into account the ion exchange experiments, the release of the two metals depends not only on the pH but also on the ligands present in the media.
Experimental Section
Synthesis of the complexes
All starting materials were commercially available analytical-grade chemicals and were used without further purification. Both complexes were synthesized according to the procedures described by Pfeiffer and Schmitz [23] . The elemental analyses were performed with a Carlo Erba EA1108 elemental analyzer, whereas the copper and zinc contents were determined by atomic absorption spectroscopy.
For the preparation of [CuH 2 EDTA] · H 2 O a suspension of 1.10 g of CuCO 3 · Cu(OH) 2 and 2.92 g of H 4 EDTA in 200 mL of distilled water was heated at 50 • C during half an hour with continuous stirring. The unreacted material was separated by filtration, and the blue solution was concentrated over a water bath to 50 -60 mL. After cooling, the crystalline mass obtained was filtered off, washed several times with cold methanol and finally dried in air at r. t. 2 O was performed on an Enraf-Nonius Kappa-CCD diffractometer, using graphite-monochromated MoK α radiation (λ = 0.71073Å). The final unit cell parameters were based on all reflections. Data collections were made using the program COLLECT [24] . Integration and scaling of the reflections were performed with the HKL DENZO, SCALEPACK system of programs [25] . Multi-scan absorption corrections were applied [26] . The structure was solved by Direct Methods with SHELXS-97 [27] . The model was refined by full-matrix least-squares on F 2 with SHELXL-97 [28] . All the hydrogen atoms were stereochemically positioned and refined with the riding model [28] . Crystal data, collection procedures and refinement results are summarized in Table 4 . The programs SHELXL-97 [28] and ORTEP-III [18] were used within the WINGX suite of crystallographic programs [29] to prepare materials for publication.
CCDC 702866 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystollographic Data Centre via www.ccdc.cam.ac.uk/data-request/cif.
Spectroscopic measurements
FTIR spectra, in the range between 4000 and 200 cm −1 , were recorded on a BOMEM M 102 spectrophotometer using the KBr pellet technique. Electronic spectra of the complexes were registered on a Milton Roy Spectronic 3000 spectrophotometer, using Nujol suspensions and aqueous solutions.
EPR measurements were carried out on polycrystalline samples using an X-band Varian E109 spectrometer and standard rectangular cavities with 100 kHz field modulation. The measurements were performed at 4.3 K using an Oxford EPR cryostat and a Cr(III) (g = 1.9797) sample for field calibration.
Absorption atomic measurements were performed with a Perkin Elmer 5000 equipment with a hollow-cathode lamp, single-element, Photron, Cu (324.8 nm) Zn (213.9 nm).
Ion exchange experiments
Cationic resins DOWEX50W (A) and MERCK Ion exchanger IV, 4835 (B) were used. The physical properties and specification reported by the manufacturers were for A: sulfonic acid as functional group, capacity 0.6 mmol mL −1 , and for B: acetic acid as functional group, capacity 3.2 mmol mL −1 .
The resins were swollen with HCl (6 M) and washed with distilled water several times. 70 mg (0.13 mmol) of [Zn-(H 2 O) 4 CuEDTA] · 2H 2 O was dissolved in 50.0 mL of 0.1 M HCl. 1 mL of this solution was inoculated in the resins and eluted with water up to 50.0 mL. After that the resins were regenerated with 6 M HCl for resin A and with 0.1 M HCl for resin B. Copper and zinc concentrations in the original solutions and in the eluates were determined by atomic absorption. The experiments were also repeated, dissolving the complex in water instead of 0.1 M HCl. The same measurements were performed with [CuH 2 EDTA] · H 2 O using resin B only.
